INTRODUCTION
The prevalence of allergic diseases is increasing considerably in industrialized countries (1) . Although the reason for the increase is unknown, the development of allergic diseases is known to be related to genetic factor, allergen exposure, age and so on. Exposure to allergenic food during early infancy is important for sensitization and later development of atopy, probably because of the physiological immaturity of the immune system and intestinal function. Especially in atopy-prone infants at high risk for developing atopic disease, this period can be a critical time. Risk factors for the development of atopy include atopic family history, elevated levels of cord blood IgE, altered T cell profiles in cord blood and during infancy, feeding practice, etc., although these risk factors are not clearly elucidated.
One of the best ways to manage atopic disease is prevention. For primary prevention of allergy in high-risk infants, some measures including breast milk feeding, hypoallergenic formula feeding, and delayed introduction of highly allergenic foods such as eggs, peanuts, and fish are recommended. Among the hypoallergenic formula, extensively hydrolyzed formula has an allergy preventive effect due to its lack of allergenicity, and can be used for allergy prophylaxis in high-risk infants (2) . However, the extensively hydrolyzed formula has disadvantages of unpleasant taste, high cost, and provoking diarrhea, leading to its limited use. In contrast, the partially hydrolyzed formula contains a certain proportion of proteins that are either intact or slightly degraded, with an average molecular weight of 1.5-5.0 kDa. Because the partially hydrolyzed formula is cheaper and more palatable than the extensively hydrolyzed formula, it was introduced for feeding high-risk infants who cannot tolerate the extensively hydrolyzed formula to prevent the development of atopic disease. The preventive effect of the partially hydrolyzed formula is still controversial because it contains a significant number of peptides with relatively high molecular weight compared with the extensively hydrolyzed formula (2) (3) (4) (5) (6) (7) (8) .
In Korea, the rate of breast milk feeding was reported to be about 30% in 2000 (9) , suggesting that exposure to the cow's milk protein during infancy is high. In addition, the sensitization rate to the cow's milk protein among 100 Korean children with atopic dermatitis was 31% according to Jung et al. (10) . In this regard, investigation on the prevention of atopic disease or cow's milk protein allergy by hypoallergenic formula would be necessary for selected infants at high risk.
The aim of this short-term, prospective study was to evaluate the preventive effects of the partially hydrolyzed formula on the development of atopic disease in high-risk infants.
Short-term Effect of Partially Hydrolyzed Formula on the Prevention of Development of Atopic Dermatitis in Infants at High Risk
This short-term, prospective study was aimed to assess the effects of partially hydrolyzed formula (PHF) on the prevention of the development of atopic dermatitis in infants at high risk. The infants of parents with allergy symptoms and serum total IgE over 200 kU/L were divided into 3 groups by their feeding patterns: PHF group (n=15), standard formula (SF) group (n=32), and breast milk (BM) group (n=22). No allergenic food was given during the study period of 6 months, and breastfeeding mothers avoided egg ingestion. Their atopic symptoms were monitored every 2 months. The cumulative incidence and prevalence of atopic dermatitis at the age of 6 months were significantly less in the PHF group than in the SF group (47% vs. 78%, p<0.05; 20% vs. 59%, p<0.05). Those rates of the PHF group were also less than those of the BM group, but they were not statistically significant. There was no difference in the onset age and disease severity. These results suggest that early feeding of PHF to infants at high risk has a short-term preventive effect on the development of atopic dermatitis during the first 6 months of life. Long-term preventive effects should be evaluated.
MATERIALS AND METHODS

Patients
For this prospective study, 420 pregnant women with a history of allergic disease who attended the maternity school of Maeil Dairy Industry were invited to participate. After they were informed of the aim of our study, serum total IgE was measured by CAP assay (Pharmacia and Upjohn, Uppsala, Sweden) in the Allergy Center of the Samsung Medical Center to identify the presence of atopy. A total of 120 pregnant women, each with a history of allergic disease and serum total IgE higher than 200 kU/L, were selected and agreed to take part in this study. The pregnant women who are not atopic were also included when their husbands had allergic disease with serum total IgE higher than 200 kU/L.
Newborn infants from the parents with history of allergic disease and high serum total IgE were considered as high-risk infants, and were included in this study. The infants with birth defects, severe chronic diseases, or gestational age less than 36 weeks were excluded. All of them were encouraged to be fed with breast milk. During the nursing period, lactating mothers eliminated all sources of egg from their diet. When the parents did not want to feed their babies with breast milk or breast milk was not available, partially hydrolyzed formula (HA21 � , Maeil Dairy Industry, Korea) was recommended as substitution. Standard formula was given in cases when the parents did not want partially hydrolyzed formula.
Recruited babies were divided into 3 groups according to feeding patterns during the first 6 months of life: partially hydrolyzed formula feeding (PHF) group, standard formula feeding (SF) group, and breast milk (BM) group. No other food was allowed until 4 months of age, when solid food was introduced with cereal and vegetables. No other weaning diet was given until 6 months of age. These infants were monitored regularly at 2-month intervals. Any symptoms and signs related to atopic dermatitis were recorded. The severity of the disease was scored by SASSAD (six areas, six symptoms in atopic dermatitis) (11) , and the nutritional adequacy was assessed by measuring body weight and height.
SDS-PAGE
The partially hydrolyzed formula used in this study (HA-21 � ) contained all cow's milk proteins including casein and whey. The average molecular weight is 1.5-5 kDa and peptides with molecular weight over 10 kDa are contained at less than 5%. SDS-PAGE was performed to compare the presence of proteins in whole milk, standard formula, and HA21 � . Whole milk (3 mL), standard formula (60 mg), and HA21 � (400 mg) were suspended in TCA (20%). After incubation for 30 min at 4℃, samples were centrifuged at 10,000 rpm for 30 min at 4℃. Pellets were washed three times with aceton, and finally freeze-dried. The lyophilized products were suspended in a sample buffer (Tris-HCl buffer, pH 6.8) and loaded onto the electrophoretic gel. The electrophoretic gel was composed of 12.5% separation gel and 5% stacking gel. SDS-PAGE revealed that the main protein band was not detected in HA21 � (Fig. 1) .
Statistics
Statistically significant differences among the groups were evaluated by using SAS version 8.0 program. Chi-square test was used to compare the differences of cumulative incidence and prevalence between the groups. p value less than 0.05 was considered significant.
RESULTS
One-hundred and twenty-seven families were recruited at the beginning of the study. Of these, the infants who were lost during follow-up and those who were breast milk-fed mixed with standard formula for the first 4 months were excluded. A total of 69 infants completed our 6 month-long study. Following the instructions from the parents, 15, 32 and 22 infants were included in the PHF, SF, and BM group, respectively ( Table 1) . Most of the infants enrolled in this study were born to mothers with allergy, while 3 of them had paternal allergy history (2 in PHF group and 1 in SF group).
During the study period, atopic dermatitis developed in 7 infants in the PHF group, while 25 and 15 infants manifested atopic dermatitis in the SF and BM group, respectively (Table  1) . Gastrointestinal symptoms and urticaria were combined in some of them. The PHF group showed significantly less cumulative incidence of atopic dermatitis compared with the SF group (47% vs. 78%, p<0.05, Fig. 2 ). Although the cumulative incidence in the BM group was higher than that in the PHF group (68% vs. 47%), there was no statistically significant difference between them. The prevalence of atopic der- matitis at 6 months of age was 20% in the PHF group, 59% in the SF group, and 41% in the BM group, respectively. The prevalence of atopic dermatitis in the PHF group was significantly lower compared with the SF group (p<0.05, Fig. 3 ). Our results suggest that partially hydrolyzed formula has a preventive effect on the development of atopic dermatitis compared with the standard formula. The onset age and disease severity were not different among the babies from each group (Table 1) .
Body weight and height at birth and at 6 months of age were compared. There was no statistically significant difference among the 3 groups, suggesting that partially hydrolyzed formula is nutritionally adequate compared with either breast milk or standard formula (Table 2) .
DISCUSSION
For the prophylaxis of atopic disease, the extensively hydrolyzed formula seemed to be superior to the partially hydrolyzed formula (2) . This is consistent with the fact that the extensively hydrolyzed formula contains peptides with low molecular weight<1.5 kDa, which has been suggested as non-allergenic (12) . However, our results showed that the significantly less number of atopic dermatitis occurred in high risk infants fed with the partially hydrolyzed formula compared with the standard cow's milk formula, although this study did not compare the effects between the extensively hydrolyzed formula and the partially hydrolyzed formula. This data support the previous reports (4, 8, 13, 14) , in which the partially hydrolyzed formula prevented the development of either atopic disease or cow's milk allergy. In addition, no difference in the rate of growth was observed between the PHF and SF group. Based on the fact that several factors such as cost, taste, and nutritional adequacy should be considered before determining the choice of the formula, our results suggest that the partially hydrolyzed formula can be used as an alternative to prevent the development of atopic dermatitis in high risk infants. This is compatible with the recommendation by the American Academy of Pediatrics, in which infants at high risk for developing allergy, identified by a strong family history of allergy, may benefit from possibly a partial hydrolysate formula (15) .
Nine to twelve percent of all children born after 1970 have had atopic dermatitis, and the prevalence has increased since before 1960, when 2% to 5% of children were affected (16) . In our study, the cumulative incidence and the prevalence of atopic dermatitis at the age of 6 months in infants fed with the standard formula were 78% and 59%, respectively, which were Onset age and SASSAD score were expressed as mean±standard deviation. Serum total IgE was expressed as geometric mean with range in the parenstheses. PHF group, Partially hydrolyzed formula group; SF group, Standard formula group; BM group, Breast milk feeding group; AD, Atopic dermatitis; SASSAD, Six areas, six symptoms in atopic dermatitis. higher than those in general population. This is probably due to the particular selection of infants at high risk for this study. The small number of study population and the age at less than 1 yr wherein most patients with atopic dermatitis manifested symptoms partly contributed to this high rate. Indeed 50% of cumulative incidence of atopic symptoms at 6 months in high risk infants was reported by Oldaeus et al. (2), while the prevalence of cow's milk allergy at the age of 6 months was reported to be 43% (14) . Nevertheless, some limitations should be considered to analyze the results from our study. First, the infants were not randomly assigned to the PHF, SF, or BM group because it concerned us as an ethical problem to recommend the standard formula feeding to the infants at high risk. Second, this study was conducted for a short period of just 6 months, and consequently, it was not determined whether the avoidance of highly allergenic food during the first 6 months can prevent the development of atopic disease in later life, although this period can be a critical time. Third, in order to evaluate the effects of the partially hydrolyzed formula, the occurrence of atopic disease was checked in this study. No immunologic or food challenge confirmation was done. These tests for confirming cow's milk allergy will support the preventive effects of the partially hydrolyzed formula because allergy prevention is antigen-specific.
PHF
Breast milk is the ideal source of nutrition with immunological, physiological, and psychological advantages for infants through the first year of their lives. In terms of the prevention of allergy, breast milk may decrease allergic sensitization by reducing both exposure to and intestinal absorption of food allergens (17) . Factors within breast milk such as immunoglobulins, especially secretory IgA (18) and mucosal growth factor (19) , are responsible for reduced absorption of antigenic foods. However, debate exists as to whether breastfeeding prevents, delays, or increases the development of allergic diseases (20) (21) (22) (23) (24) (25) (26) . Differences in the design, quality, size of the study and the duration of breastfeeding may account for this disparity. In our study, the cumulative incidence and the prevalence of atopic disease at 6 months in the BM group was higher than those in the PHF group, even though the differences were not statistically significant. Increased incidence of atopic dermatitis in the BM group might be partly due to food proteins passed through maternal breast milk. This is based on previous studies, in which protein from cow's milk and egg were detected in breast milk after ingestion (21) , and maternal diet devoid of cow's milk, egg, and fish during 3 months of lactation decreased both current prevalence and the cumulative incidence of atopic dermatitis at age 4 in children with atopic disease heredity (27) . Our findings suggest that in some cases maternal restriction of highly allergenic foods during lactation or hypoallergenic formula feeding instead of breast milk should be used as an alternative to breastfeeding.
In conclusion, our results suggest that early feeding of partially hydrolyzed formula to infants at high risk has a shortterm preventive effect during the first 6 months of their lives.
It is necessary to evaluate the long-term effects of partially hydrolyzed formula on the prevention of development of atopic diseases.
